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Energy dispersive x-ray analysis (EDX) and atomic
absorption spectrometry (AA) were compared for the
assessment of Ca2+ concentration in green bean
(Phaseolus vulgaris L. cv. Outeniqua) seed parts (seed
coat, cotyledons and embryonic axis) following osmo-
priming in CaCl2 and Ca(NO3)2 solutions. Calcium con-
centration differed according to seed part (P < 0.001),
but it was not significantly influenced by salt type.
There was a significant correlation (r = +0.99) between
EDX and AA, but EDX underestimated Ca2+ levels in all
seed parts compared with AA. The significant correla-
tion between these two methods suggests that EDX
analysis can be used with confidence for rapid prelimi-
nary studies to semi-quantify Ca2+ in seeds.
Osmopriming is concerned with controlling the amount of
water absorbed by seeds during imbibition. In studies where
promotion of the physiological performance of seeds is
desirable, osmopriming is also used to incorporate sub-
stances that enhance seed performance (Basu 1994,
McDonald 2000). Environmental variables (e.g. O2, light and
temperature) and different kinds of osmotica have been
investigated for their role in osmopriming (Bradford 1995).
The distribution of osmotic or promotive substances that are
incorporated into priming solutions and absorbed by seeds
is poorly understood. Mineral salts are recognised as osmot-
ica, but they may also have a promotive or toxic (Lott et al.
1995) effect during osmopriming. Since seed parts may be
affected differently by absorbed mineral elements, it is
important to understand the distribution of mineral elements
once they have been incorporated into a seed.
The presence of mineral elements in plant tissues is nor-
mally determined using chemical reagents. The use of ener-
gy dispersive x-ray micro-analysis (EDX) to investigate the
distribution of mineral elements is also used in plant tissues.
Comparison of plant roots and shoots with respect to the dis-
tribution of an applied mineral element has been reported
(Marienfeld and Stelzer 1993). However, studies on osmo-
primed seeds that compare atomic absorption spectrometry
(AA), which requires sample preparation using chemical
reagents prior to mineral element analysis, with EDX, a
direct analysis, have not been reported. In situations where
large numbers of experimental units are involved, it is essen-
tial to select an analytical method that combines accuracy
and ease of operation.
Currently, the authors are examining the effect of Ca2+ on
cotyledonal cracking, a physiological disorder associated
with poor cell wall integrity, in green bean (Phaseolus vul-
garis L.) seeds. Since cotyledonal cracking occurs as fis-
sures early during seedling growth, it is surmised that
increasing the Ca2+ content of cotyledons would alleviate
this disorder. However, in the process of incorporating Ca2+
into cotyledons, other seed parts are also affected, which
may influence the amount of Ca2+ received by the cotyle-
dons, and the subsequent performance of a developing
seedling. The objective of the present study was to compare
EDX and AA in the assessment of Ca2+ distribution in green
bean seed parts following osmopriming in CaCl2 and
Ca(NO3)2 solutions.
Materials and Methods
Plant material
Seeds of green bean (Phaseolus vulgaris L. cv. Outeniqua)
were produced in 2000 and donated by Pro-seed cc
(Pietermaritzburg, South Africa). The study was done on
three cultivars, Tokai, Sodwana and Outeniqua.
Osmopriming
Four replicates of 50 seeds were soaked for 4h in 50ml of
aerated distilled water (–0.01MPa), 50mM CaCl2
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(–0.37MPa), 50mM Ca(NO3)2 (–0.37MPa), 100mM CaCl2
(–0.74MPa), and 100mM Ca(NO3)2 (–0.74MPa), separately,
at 21°C.The water potential (MPa) was determined using the
WP4 Dew Point Potentiometer (Decagon, Washington)
according to the manufacturers’ instructions. Imbibed seeds
were allowed to dry back to the original moisture content
(~15%) during 72h of storage over a saturated solution of
NaCl, which created 75% RH at 20°C.
EDX and AA analyses
A Philips XL30 ESEM environmental scanning electron
microscope with La(B6) filament, was used to visualise seed
parts and identify cotyledonal cell walls. The instrument was
set up for low vacuum imaging (Tai and Tang 2001) with the
gaseous secondary detector (GSED) for EDX analysis. The
Phoenix EDAX sapphire detector with ultra-thin window
(UTW) was used to perform analysis of Ca2+ in seeds. Five
seeds were randomly selected from each osmopriming
treatment and used for EDX and 10 others were used for AA.
During EDX, seeds were cut in cross section, mounted on
carbon stubs using carbon tape. Viewing was performed at
10mm working distance using 20kV at 3 Torr and 20°C. Spot
analysis was performed on seed coats, cotyledonal cell
walls and embryonic axes surfaces. Spectra were collected
for 100 live time seconds and semi-quantified using the
Phoenix PhiRhoZ, Revision 3.0, standardless analysis pack-
age. It is important to note that the Revision 3.0 does not
have gas compensation facility, which is available in
Revision 3.2. For AA analysis, seeds were separated into
seed coats, cotyledons and embryonic axes. Each tissue
was ground to pass through a 0.5mm sieve before 0.5g was
digested in 18ml of acid mix (nitric:perchloric 4:1 v/v). The
digested sample was diluted in distilled water (1:50 to 200
depending on calcium concentration), and 0.2ml of the dilut-
ed sample was mixed with 2.8ml strontium perchloric acid
before Ca2+ was determined using the Unicham Solar M6.
Statistical analysis
Analysis of variance was performed with Genstat 5 (release
4.1, 1998, Lawes Agricultural Trust, UK). Differences
between treatments were determined by Least Significant
Difference (LSD) and all data in figures are presented as
means ± standard error (SE).
Results and Discussion
Determination of water potential showed that there was a
significant difference (P < 0.01), with respect to water poten-
tial, between Ca-salt solutions which were used to introduce
calcium into the seeds (50mM CaCl2 = –0.37MPa, 50mM
Ca(NO3)2 = –0.37MPa, 100mM CaCl2 = –0.74MPa, 100mM
Ca(NO3)2 = –0.74MPa) and distilled water (control = –0.01).
These differences in water potential influenced the rate of
water uptake by the seed during imbibition (Figure 1).
Osmopriming was employed to regulate the rate of water
absorption and the amount of calcium taken up by the seed.
Thus, sufficient water was absorbed to initiate metabolic
events (e.g. enzyme biosynthesis) that are required for the
repair of damaged ultrastructure and seedling growth from
the embryonic axis (Bewley 1997). Clearly, increasing salt
concentration resulted in a slower rate of imbibition (com-
pare the slopes of 0mM, 50mM and 100mM in Figure 1),
which could improve metabolism (Corbineau et al. 2000)
and ultrastructural repair (Tilden and West 1985) during ger-
mination. Armstrong and McDonald (1992) also found that a
reduction in the rate of water absorption by soybean seeds
at low osmotic potential was also associated with improved
seed integrity. The spatial relationship between the cotyle-
don, embryonic axis and the seed coat is presented in
Figure 2. Performing EDX analysis in the cytosol showed
that Ca2+ was below detectable limits. Hence cotyledonal cell
walls were targeted for EDX analysis (Figure 3) and the
results were compared with the AA analysis of complete
cotyledonal tissue.
Amounts of Ca2+ in seed parts, as determined using AA or
EDX, are presented in Figure 4. The embryonic axis con-
tained significantly (P < 0.01) higher Ca2+ content than the
seed coat and the cotyledons (Figure 4). The amount of Ca2+
in all seed parts increased as the Ca-salt concentration
increased (Figure 4). When seeds were treated with Ca-
salts, there was a significantly (P < 0.01) higher Ca2+ content
detected by AA compared with EDX, regardless of the seed
part or cultivar examined (Figure 4). Examination of seed
Ca2+ levels in response to Ca-salt treatment of all seed parts
showed that EDX underestimated the mineral element by
~5%, 20% and 33% in the control, 50mM and 100mM treat-
ments, respectively, compared with AA (Figure 4). Although
AA was more effective than EDX in Ca2+ detection, there was
a significant correlation (r = +0.99; P < 0.001) between the
two methods.
Since the seed coat is located on the exterior of the seed,
and had a direct contact with the imbibing solution, it was
interesting that it contained less Ca2+ than the embryonic
axis (Figure 4). The high Ca2+ content of the embryonic axis
relative to the other seed parts may be related to the pres-
ence of the hilum and micropyle closer to the radicle, the tip
of the axis (Figure 2). Water entry occurs more freely
through the hilum and the micropyle compared with else-
where in the seed coat, because of the micropylar opening
and the fact that the hilum is a point of funiculus detachment
containing the remnants of the vascular connection between
the seed and the maternal plant. Once water has entered
the seed through the micropyle and the hilum, it is transient-
ly contained in a radicle pocket into which the tip of the axis
is inserted conveniently for effective water absorption
(Figure 5). In green beans, the embryonic axis is likely to be
characterised by a relatively low water potential, because of
inherently higher amounts of protein, than the cotyledons
and the seed coat (Modi 1999). The ability of legume seed
coats to absorb and retain water may also be reduced by
their high fibre content (Miao et al. 2001). Since low water
potential enhances water absorption, the embryonic axis is
expected to contain higher levels of dissolved substances,
including Ca2+, than the cotyledons and the seed coat
(Figure 4).
This study showed that the enhancement of Ca2+ content
in seeds can be achieved by osmopriming, but its distribu-
tion varies among seed parts. The location of the axis in
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Figure 2: Spatial relationship between green bean (Phaseolus vul-
garis L.) seed parts (coat, cotyledon, axis). Note that the micropyle
and hilum are located favourably for enhanced water absorption by
the axis
Figure 3: Cross section of green bean seed cotyledon to show the
cotyledonal cell walls, which were targeted during the EDX micro-
analysis, because Ca2+ levels were below the detection limit in the
cytosol








	




















 !"

#$ $"
   % 




   % 
Figure 1: Regulation of water absorption by CaCl2 and Ca(N03)2 (inset) concentrations (mM) during the incorporation of Ca
2+ into greenbean
(Phaseolus vulgaris L. cv. Outeniqua) seeds. Data points represent means (±SE) of four replications of 50 seeds which were imbibed at
~21°C. Distilled water was used as a control (0mM)
relation to the hilum and the micropyle, and the presence of
a radicle pocket improved the ability of this seed part to
imbibe water and dissolved substances during osmopriming,
compared with the other seed parts. It has been shown that
conventional preparation of materials for electron
microscopy and EDX increases cell membrane permeability
and results in the loss or redistribution of elements (Lott et
al. 1978, Read et al. 1982, Ryan 1992). Although a lower
detection capability of EDX compared with AA was found in
the present study, the negative effects of conventional
preparations were largely minimised by the use of ESEM-
EDX, which may be comparable to cryo-preparation of bio-
logical tissues with respect to the accuracy of representation
of biological tissues for EDX analysis (Egerton-Warburton et
al. 1993). That EDX underestimated Ca2+ content by ~5%,
20% and 33% in the control, 50mM and 100mM treatments,
respectively, compared with AA (Figure 4) is confirmation of
AA superiority to EDX in detecting Ca2+ levels in seed parts.
The significant correlation between these two methods,
however, suggests that EDX can be used reliably for rapid
preliminary studies to semiquantify Ca2+ in seeds.
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